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component selected from the group consisting of Og, 
NE3, and CF4 to remove any residual polymer depos- 
ited on said surfaces during steps (a) or (b). typically at 
a pressure of about 25-300 millitorr and a power of 
about 50-300 watts. Subsequently, the trench may be 5 
filled with an additional amount of said fill material. 
[0009] Also, In a preferred embodiment, at least a por- 
tion of said upper surface comprises a nitride composi- 
tion such as silicon nitride and silicon oxynltride, and 
said etching in step (a) is conducted until said nitride 10 
composition is exposed. 

[001 0] With regard to step (a), it is preferred that said 
mixture comprises about 40- 100 parts by volume of said 
hydrogen-containing fluorocarbon (for example, trifluor- 
omethane), and about 2-15 parts by volume of said oxy- is 
gen source gas, and that said reactive ion etching 
conditions include an operating pressure of about 50- 
150 millitorr and a power of about 200-500 watts. A 
hydrogen-free fluorocarbon may also be included in the 
mixture. 20 
[001 1 ] With regard to step (b), it is preferred that said 
mixture comprises about 3-20 parts by volume of said 
hydrogen-free fluorocarbon and about 50-300 parts by 
volume of said diluent gas (for example, Ar. He, Xe, N2. 
and mixtures thereof), and that said reactive ion etching 25 
conditions include an operating pressure of about 25- 
200 millitorr and a power of about 500-1200 watts. Jt is 
further preferred that the hydrogen-free fluorocarbon 
has a C/F atomic ratio greater than at least 0.25. more 
preferably at least 0.5. for example, C4F3. 30 
[0012] In the preferred embodiment, step (b) is con- 
ducted for about 0.1-2 times the amount of time taken to 
conduct step (a). Also in the preferred embodimerrt, the 
conformal oxide layer comprises silica and the material 
partially filling said trench is selected from the group 35 
consisting of poiysilicon and doped polysilicon. It is fur- 
ther preferred that the sidewall surface is coated with a 
high dielectric constant material layer prior to applica- 
tion of said conformal oxide. 

[001 3] Thus an improved method for selective etching 40 
of conformal oxide layers is provided herein. This can 
be used for forming a collar oxide in a trench in a semi- 
conductor substrate to provide improved integrity of pad 
dielectric layers resulting in enhanced structural and 
operational reliability of the resulting devices. The 45 
method is especially useful in the manufacture of high 
aspect ratio trench capacitors for integrated drcuits and 
other processes involving high aspect raio oxide etching 
in the absence of resist. 

[0014] In the method for forming a collar oxide in a so 
trench in a semiconductor substrate, the conformal 
oxide is preferably completely removed from the upper 
surface in step (a), and a further step (c) may be added 
after the overetching to remove any residual byproduct 
polymer deposits. The method may be practiced without ss 
the use of gases such as CO. The trench having the 
formed collar oxide may then be further filled with an 
additional portion of the fill material and/or may be sub- 



jected to other processing steps for forming an electri- 
cally functioning sfructure such as a capacitor. Doped 
polysilicon is a preferred fill material. The approach 
described herein is especially useful where some or all 
of tiie upper surface of the subsfrate comprises a pad 
dielectric layer such as silicon nitride, and is also espe- 
cially useful in tiie manufacture of trench devices having 
a high trench (depth to width) aspect ratio. 
[0015] Thus an improved method is provided for the 
selective removal of portions of conformal oxide layers 
which is particulariy suited to the formation of collar 
oxides for semiconductor substrate trenches such as 
those used to form trench capacitors and for other high 
aspect ratio etching applications. 
[0016] A prefen-ed embodiment of the invention will 
now be described in detail by way of example only witii 
reference to the following drawings: 

Rgure 1 is a schematic cross section view of a high 
aspect ratio french after formation of tiiin node die- 
lectric layer and filling witii charge storage fill mate- 
rial and partial etch back of the fill material; 
Rgure 2 is a schematic cross section view of the 
french of Rgure 1 with the application of a confor- 
mal oxide layer; 

Rgure 3 is a schematic cross section view of the 
french of Rgure 2 after removal of tiie conformal 
oxide layer from the upper surface of the substrate; 
Rgure 4 is a schematic cross section view of the 
french of Figure 3 after further removal of the con- 
formal oxide layer from the fill surface and deposi- 
tion of residual byproducts; 
Rgure 5 is a schematic cross section view of the 
french of Rgure 4 after further removal of the resid- 
ual byproducts. 

Rgure 6 is a schematic cross section view of the 
french of Rgure 5 after filling with additional fill 
material. 

[001 7] The invention will be described in relation to the 
formation of a french structure. The basic sfructure of 
the french capacitor is schematically illusfrated in the 
Figures (It should be understood that none of these 
drawings is necessarily to scale). It will be appreciated 
that the invention is not limited to any specific metiiod of 
french formation. General techniques for forming french 
capacitors having collar oxide features are known in tiie 
art. See for example tiie methods disclosed in US Pat- 
ents 4.794,434; 5,283,453; 5,434.109; 5.656.535; and 
5,677,219. the disclosures of which are incorporated 
herein by reference. 

[0018] A typical method of french formation method 
will now be described, referring initially to Rgure 1, 
which depicts part of the fabrication of a french capaci- 
tor. This process involves first coating the wafer or sub- 
strate 1 with one or more conformal pad dielecfric 
layers, usually an oxide layer 50 followed by a nifride 
layer 51. A trench 100 is then etched into the substrate 
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1 . The trench etching is usually performed by applying a 
TEOS (tetraethyl orthosilicate) hard mask layer (not 
shown) over the uppermost pad dielectric layer. A pat- 
terned photoresist layer (not shown) is then formed over 
the hard mask layer. The hard mask is then patterned 5 
by selectively etching. Then, the remaining photoresist 
layer is typically stripped and the trench is formed by 
anisotropic etching through the pad dielectric layers 50, 
51 and a portion of the semiconductor substrate 1 to 
form the desired trench 100. The hard mask oxide is w 
then removed. Regions 5 in the substrate near the wail 
of the trench may be doped to provide a region of 
increased charge storage capacity which will become 
one plate of the capacitor A thin node dielectric layer 1 0 
is formed as a conformal layer covering the trench sur- 75 
face. After formation of the node dielectric 1 0, the trench 
1 00 is then filled with a charge storage material 20 (typ- 
ically a doped polysilicon) which is then etched back 
leaving a fill surface 25- 

[0019] To form the collar oxide, a conformal oxide 20 
layer 40 (Rg. 2) or typically a precursor thereof is then 
deposited over the trench, thus covering the fill surface 
25, the upper sidewalls 42 arKi the top surface 52 (e.g. 
the surfece of uppermost pad dielectric 51) . The portion 
of the conformal oxide layer on the fill surface 25 and the 2s 
top surface must then be selectively removed while 
leaving oxide about the upper sidewall of the trench to 
serve as a collar oxide. The conformal oxide must also 
be removed from the dielectric features 50 on the sub- 
strate surface outside the trench. The upper portion 53 30 
of the trench is then refilled with additional charge stor- 
age material (Rg. 6) to complete the formation of the 
capacitor plate with the collar oxide 41 residing near the 

upper end of the trench, - - - 

[0020] Thus if we start with a semiconductor substrate 35 
having (1) a partially-filled (e.g. filled and etched tack) 
trench. (2) (1) fill surface defined by fill material partially 
filling the trench, (ii) upper surface outside of the trench, 
and (iii) trench sidewall surface not covered by the fill 
material, and (3) a conformal oxide layer overlying the 40 
fill, upper, and sidewall surfaces, the question is how 
best to remove a portion of the conformal oxide by 
selective etching. 

[0021] As will be described in more detail below, this 
can be accomplished in accordance with the present 45 
invention by: 

(a) contacting the substrate witii a mixture of hydro- 
gen-containing fluorocarbon and an oxygen source 
under reactive ion etching conditions until at least a so 
portion of the conformal oxide layer on the upper 
surface is" removed, and 

(b) contacting the substrate from step (a) with a 
mixture of a hydrogen-free fluorocarbon and a dilu- 
ent gas under reactive ion etching conditions to fur- ss 
ther remove conformal oxide remaining on the fill 
surface and to overetch the upper and fill surfaces, 
whereby a substantial portion of conformal oxide 



remains on the sidewall surfaces to form the collar 
oxide. 

[0022] Preferably, the conformal oxide is completely 
removed from the upper surface in step (a). A further 
step (c) may be added after the overetching to remove 
any residual byproduct polymer deposits. 
[0023] Describing now a particularly preferred proc- 
ess in detail, the starting structure having a conformal 
oxide layer over a partially filled trench may be formed 
by any conventional means such as tiiose described in 
the above mentioned US patents. The conformal oxide 
is formed using a tet'aethylorthosilicate (TEOS) chemi- 
cal vapor deposition (CVD) technique which results in a 
conformal Si02 layer (alhtough any collar oxide compo- 
sition may be used). 

[0024] The upper surface of the substrate has one or 
more pad dielectric layers applied prior to trench forma- 
tion which underiie the conformal oxide coating depos- 
ited over tiie partially full trench. The uppermost pad 
dielectric is a nitride such as silicon nitride or silicon 
oxynitride. Where the structure is to be used as a 
capacitor, the material partially filling the trench (and 
thereby forming the fill surface) is a material capable of 
holding and discharging electrical charge. Preferred fill 
materials are doped polysilicons (polycrystalline silicon) 
such as are commonly used in the formation of french 
capacitors. 

[0025] The trench may have any desired geometry or 
aspect ratio, dimensions or layer thicknesses, although 
the approach described herein is especially useful for 
trench capacitors having an aspect ratio (d^th.-width) 
of at least about 5, more particulariy at least about 20, 
wherein the trench depth is measured from the semi- 
conductor surface at the trench entrance in the direction 
normal to the semiconductor surface, and the trench 
width is measured as the maximum width in the trench 
in a direction parallel this the semiconductor surface. 
[0026] Both etching steps (a) and (b) above involve 
the removal of a portion of the conformal oxide applied 
over a partially full trench. In step (a), the substrate is 
contacted witii a mixture of hydrogen-containing fluoro- 
carbon and an oxygen source under reactive ion etching 
conditions until at least a portion of the conformal oxide 
layer on the upper surface is removed. 
[0027] In the preferred embodiment, tiie hydrogen- 
containing fluorocarbon gas consists of C. H and F 
atoms; preferably the hydrogen-containing fluorocarbon 
gas is selected from tiie group consisting of CHF3, 
CH2F2. CH3F and mixtures thereof. Most preferably, the 
hydrogen-containing fluorocarbon gas consists essen- 
tially of CHF3. The oxygen source is selected from the 
group consisting of diatomic oxygen (O2), oxygen -con- 
taining reducing gases such as CO2 . CO. and mixtures 
thereof. A diluent gas such as helium or argon may also 
be included. O2 is the preferred oxygen source gas from 
the point of minimizing byproduct polymer formation 
and other adverse effects. The flow of the hydrogen- 
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containing fluorocarbon is about 40-100 seem prefera- 
bly about 60-80 seem. The flow of the oxygen source 
gas is about 2-15 seem. Preferably, the use of CO gas is 
avoided. 

[0028] The reactive ion etching conditions in step fa) s 
include about 50-150 millitorr operating pressure, about 
200-500 watts power, and about 0-90 gauss magnetic 
f leW. In some circumstances, it may also be desirable to 
add a minor flow of a hydrogen-free fluorocarbon such 
as C4F8 or CF4 to the overall gas mix. The total flow of 10 
such hydrogen-free fluorocarbons in step (a) is about 2- 
20 seem. 

t0029] Chemical detection means are used to monitor 
the evolution of reaction products associated with the 
reaction of the upper surface layer underlying the con- is 
formal oxide layer. Where the upper surface corrprises 
a pad nitride layer, chemical detection means may be 
used to monitor the evolution of nitrogen-containing 
reaction products (e.g. CN or Si,N„ species) or other 
reaction products (e.g. Si.Fy). Typically, when the con- so 
formal oxide completely covere the pad nitride, little or 
no nitrogen-containing reaction products are detected 
On exposure of the pad nitride, the evolution of nitro- 
gen-containing reaction products increases until it 
reaches a steady state concentration which generally ss 
corresponds to complete or nearly complete exposure 
of the pad nitride (i.e. the nitride surface area exposed 
ror reaction approaches a constant). 
[0030] Etching step (a) is carried out at least until a 
substantial amount of the confbrmal oxide layer has 30 
been removed from the upper surface (e.g. the pad 
nitride surface), preferably, at least until the evolution of 
reaction products associated with reaction of the upper 
surface (typically nitrogen-containing reaction products) 
occurs. Most preferably, etching step (a) is continued at '35 
east until tfiis steady state concentration from the evo- 
lution of upper surface reaction products is first 
reached. This state is schematically illustiated in Rgure 
3 where conformai oxide 40 is no longer present above 
pad dielectric 51. Step (a) may be continued for some 40 
time (over-etch) after tiie steady state is first reached 
but, to minimize erosion of the pad nitride, etching step 
(a) IS preferably not carried out for too much time after 
first reaching the steady state. On the other hand the 
switchover to step (b) is not done before a substa'ntial 4s 
portion of tiie confbrmal oxide has been removed from 
the upper surface, otfieiwise excessive undesired 
byproducts may be formed. 

10031] In step (b), the substrate from step (a) is con- 
tarted wrth a mixture of a hydrogen-free fluorocarbon so 
and a diluent gas under reactive ion etching conditions 
to ftjrtiier remove conformai oxide remaining on the fill 
surface 25 and to overetch the upper and fill surfaces 
whereby a substantial portion of conformai oxide 
rernains on the sidewalls to form the collar oxide. The 55 
etchant mixture in step (b) preferably etches oxide very 
selectively without substantial degradation of tiie pad 
nitride or the trench fill material. As shown in Rgure 4 



tfie etching of the oxide at the fill surface 25 is preferably 
highly anisotropic such that tiie profile of the confbrmal 
©(.de 41 on the sidewall is projected directly down to the 
M suifece 25 and a substantially clean Q.e. confbrmal 
oxide-free) fill surface away from tiie sidewall confbrmal 
oxide 41 is obtained. In step (b), polymer byproducts 
may be deposited on the etched surfaces. These 
byproducts are shown generally as layer 70. 
£0032] In the prefenred embodiment, the hydrogen- 
free fluorocarbon is a fluorocarbon having a C.F atomic 
ratio of at least about 0.33, preferably at least about 0 5 
^^^^ °^ hydrogen-free fluorocarbons are 

disclosed in US Patent 5,338,399, the disclosure of 
which is incorporated herein by reference. Cyclic C.F» 
.s most preferred. The diluent may be any gas wf^ch 
does not have an adverse affect on the performance of 
tfie hydrogen- free fluorocarbon or the overall etching 
operation. Preferred diluents are noble gases such as 
Ar. He, and Xe. most preferably Ar. Otiier gases such as 
N2 can also be used as a diluent. The flow of hydrogen- 
free fluorocarbon is preferably about 3-20 seem The 
flow of diluent gas is about 50-300 seem. The gas mix- 
hire used in step (b) may contain a minor amount of 
otherfluonne compound gas such as hydrogen-contain- 
ing fluorocarbons or SFg, however, the mdar ratio (or 
volume ratio at constant pressure) of hydrogen-free 
fluorocarbon to hydrogen-containing fluorocarbon is 
greater in step (b) than in step (a). Preferably, tiie use of 

io^SrM '^"^^ ®*<*'"9 conditions 

in step (b) include about 25-200 millitorr operating pres- 
sure, about 500-1200 watts power, and aboiJ 0-90 

"^^ «^f^'"9 Process is 

conducted until the oxide is completely removed at fill 
surface 25 witti the exception of the vertical projecti'on - 
(I.e substartially normal to the fill surface) of sidewall 
oxide 41 as shown in Rgure 4. Preferably, step (b) is 
conducted for not more tiian twice tiie time used in step 
(a) more preferably for about 50-100% of the time used 
in step (a). 

[0033] Typically, etching step (b) will result in the for- 
mation of a polymer byproduct deposit 70 (Rgure 4) on 
tiie substrate. The deposited polymer is removed in a 
deaning step (c) before further processing of tiie sub- 
strate. This removal results in a clean surface as sche- 
matically illustrated in Rgure 5. The deaning step (c) 
involves contacting the substrate from step (b) with a 
gas containing at least one component adapted to facil- 
itate removal of the polymer byproduct, preferably a gas 
component selected from tiie group consisting of NF3 
CF4 O2 or mixtures ttiereof. The gas component is 
most preferably CF4. For NF3. ttie flow rate is about 2! 
100 seem, preferably about 10-100 seem. For CF. tiie 
flow rate is about 1 0-200 seem. For O2. the flow ra'te is 
about 10-200 seem. Preferably, the use of CO gas is 
avoided^ Diluent gases such as Ar, He. Ng, or Xe may 
be used in combination with ttie above mentioned 
gases. The deaning is conducted under conditions 
which preferably include about 25-300 millitorr operat- 
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rng pressure, about 50-300 watts power, and about 0-90 
gauss magnetic field. The cleaning step is preferably 
performed for about 1-100 seconds. 
[0034] Once the cleaned, etched structure is obtained 
with the desired collar oxide and clean fill surface The 
trench may now be refilled with an additional amount 30 
of charge storage material as shown in Figure 6. Such 
filling techniques are well known in the art. Alternatively, 
the structure may be subjected to other manufacturing 
processes as may be desired. 

[0035] It will be appreciated that the etching proc- 
esses described above may be performed in any con- 
ventional etching apparatus normally used for reactive 
ion etching of oxides. A prefen-ed etching apparatus is 
model AME MXP+ sold by Applied Materials Inc. 

Claims 

1. A method of forming a collar oxide (41) in a semi- 
conductor substrate (1) having a partially full trench 
(100); a fill surface (25) defined by fill material par- 
tially filling said trench, an upper surface (52) out- 
side said trench, and a trench sidewall surface (42) 
not covered by said fill material; and a conformai 
oxide layer (40) overlying said fill, upper, and side- 
wail surfaces, said method comprising selectively 
etching said conformai oxide by the steps of: 

(a) contacting said substrate with a mixture of 
hydrogen-containing fluorocarbon and an oxy- 
gen source gas under reactive ion etching con- 
ditions until at least a portion of conformai 
oxide on said upper surface is removed; and 

(b) contacting the substrate after step (a) with a 
mixture of a hydrogen-free fluorocarbon and a 
diluent gas under reactive ion etching condi- 
tions to further remove conformai oxide 
remaining on said fill suriiace and to overetch 
said upper and fill surfaces, whereby a sub- 
stantial portion of said conformai oxide remains 
on said sidewall surface to form said collar 
oxide. 

The method of daim 1. further comprising the step 
of: (c) contacting said etched substrate from step 
(b) with a gas containing at least one component 
selected from the group consisting of Og, NF3. and 
CF4 to remove any residual polymer deposited on 
said surfaces during steps (a) or (b). 

The method of cfaim 2 wherein said contacting in 
step (c) is performed at a pressure of about 25-300 
millitorr and a power of about 50-300 watts. 
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The method of any preceding daim wherein at least 
a portion of said upper surface comprises a nitride 
composition and said etching in step (a) is con- 
ducted until said nitride composition is exposed. 

"me method of daim 5 wherein said nitride compo- 
sition comprises a nitride selected from silicon 
niti-ide and silicon oxynifride. 

The method of any preceding daim wherein said 
mixture in step (a) further comprises a hydrogen- 
free fluorocarbon. 

The method of any preceding daim wherein said 
mixture in step (a) comprises about 40-100 parts by 
volume of said hydrogen-containing fluorocarbon 
and about 2-15 parts by volume of said oxygen 
source gas. 

9. The method of any preceding daim wherein said 
reactive ion etching conditions in step (a) include an 
operating pressure of about 50-150 millitorr and a 
power of about 200-500 watts. 

10. The method of any preceding daim wherein said 
hydrogen-conteining fluorocarbon is trifluorometh- 
ane. 

11. The method of any preceding daim wherein said 
mixture in step (b) comprises about 3-20 parts by 
volume of said hydrogen-free fluorocarbon and 
about 50-300 parts by volume of said diluent gas. 

12. The method of any preceding daim wherein said 
diluent gas is selected from the group consisting of 
Ar, He. Xe. Ng. and mixtures thereof. 

13. The method of any preceding daim wherein said 
reactive ion etching conditions in step (b) indude an 
operating pressure of about 25-200 millitorr and a 
power of about 500-1200 watts. 

14. The method of any preceding daim wherein said 
mixture in step (b) comprises a hydrogen-free fluor- 
ocarbon having a C/F atomic ratio greater than 
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The method of claim 2 or 3 wherein said method 
further comprises filling the trench after step (c) 
with an additional amount of said fill material. 
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15. The method of claim 14 wherein said mixture in 
step (b) comprises a hydrogen-free fluorocarbon 
having a C/F atomic ratio at least about 0.5. 

16. The method of claim 15 wherein said hydrogen-free 
fluorocarbon is C4F8. 

17. The method of any preceding claim wherein step 
(b) IS conducted for about 0, 1 -2 times tiie amount of 
time taken to corxfuct step (a). 
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18. The method of any preced/m • ^2 
materia/ part/ally falng ;^^^^^ therein sa/d 

»he group cons/st/ng of " from 

silicon. ^ °' Polysi/icon and doped poly- 
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Fig. 2 
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Fig. 4 
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